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ABSTRACT. A general method is giveil for the calculation of dipole moments of 
I, 2, 4 tri-siibstituled benzenes taking into 'account the iiulitced effects, sim ilar to the 
treatm ent of Smallwood and ricr/feld for the di-substitiiled cr)mponnds. The calculated 
values are given for five compounds for Hfhich the observed values are available and a 
comparison is made between the cah ulated agd observed values.
I NXROD^ r CT I ON
The dipole moments of poly-substituted benzenes calculated by the 
simple vectorial addition of llie individual group moments reveal wide 
divergences between the calculated and (lie observed values in a majority 
of casts. Such divergences may arise from several causes, such as, the 
electrostatic attractions and repulsions, the induced effects or the occurrence 
of mesomersm etc. In the case of the di-substituted benzenes the induced 
effects are computed by Smallwood and Hciv.fcld (1930) adopting the plane 
hexagonal model for the benzene ring in the substituted compounds. This 
has provided a valuable correction. I,cFevre and heFcvre (1936, 1937) 
applied the method for diphenyl, coumarin, and xanthonc ring
systems. Hach atom or group is regarded as a sphere of uniform polaris-
ability and the induced moments are calculated by assuming that this sphere 
is subjected to a field which is that produced at the centre of the sphere by 
the primary dipole. Smyth and McAlpinc (1933) calculated the induction 
in each bond and obtained the bond poiarisabilities in terms of the bond 
refractions. Groves and Sugden (1937) pointed out that when the atom 
or group is very near the primary dipole, allowance must be made for the 
variation of the field over the volume of the atom and this is done by 
means of the method of graphical integration suggested by Frank (1935).
THEORY
In this paper the method of calculation of Smallwood and Herzfeld is 
extended to the case of 1,2,4 tri-substiluted benzenes. The resultant
moment of a tri-substituted benzene compound is regarded as comprising
of (i) the vector sum of the moments of primary dipoles, (2) the mutual
induction of the three pi imary dipoles on one another and (3) the moments
induced in the-C H  a n d -C -C  bonds of the hydrocarbon residue by the 
primary dipoles.
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Figure I represents the case of a i, 2, 4 substituted compound. The 
appropriate angles and distances may be understood from figure 2. The
I
I
I
notation used is the same as that of Smallwood and Herzfeld. 2^1 Ss 
represent the x-components and r/i, 1/3 the 3>-components of moi, 
and W03 respectively. Using their equations and referring to figure 2, the 
interaction of the three dipoles on one another gives the following relations,
(hi/4)^ i* + $3^  -  (5/4)62^ 3' -  (3 v'3/4)^iVi‘ + (3 V'3 /4)ba«;s’ = [
21-3^ 1* + (s/4)c2C2‘ -t- i‘ -^ 3 V^3/4)c2»y3’= -^3 
-  (3 N^3/4 )ai$2^ +Vi’ - ( 5/4)ai»;2* + «3»;2’=»Ji 
(3 V3/4)*»)^ i* -  (3 V3/4)i>2£s* + (5/4)*>iVi' -»/2* “ (b2/4)'/3*= “ >?2 
(3 v' 3/4)<'3C3* + «3»/i‘ + (c2/4)»?a* + »J3* = 1/3
(i)
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*2/^ 1 ^2/^ a
2^3/^i ~^ii r2^ -“ Co, ^.i/ra'^^Cs.
a i ,  a j  an d  7.3 r e p r c ic n l  the po la r isab il i l ics  of the tlirce substituent gro u p s.
T h e  fields of the induced m oin cn ls  are also considered in th e  a bo v e  
e q u a tio n s  sin ce  w e h ave  w ritten  =  ^ a n d  »;' =  // + r/,*. T h u s  as a resu lt  
o f  d ip o la r  inducU on  each  ^ is modified to a ce ita in  and each v is modified 
to  a certain  In order to obtain the n u in eiical  va lues  for and »/'the
s ix  e q u a t io n s  ( i)  are solved by tlifc ineiiiod of post-m ultiplication  g i v i n g  
th e  v a lu e s  for the  s ix  variables.
T h e  in d u ced  m om en ts in the r e g a i n i n g - C H  group s at 3, 5 and 6 are 
c a lc u la te d  a lo n g  sim ilar  lines. Tl|^ va lues  of the an g les  (r) and d istances 
(f) are  g iv e n  in T a b l e  I* T h e  data j^iveii in 1 abie I ate f io iu  S m allw o o d  and 
l l e i z f e l d ,  p a g e  19 2 1. ^
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The total induced iiionient in this case is obtained as 
^  *  1.3520 Ci‘ +0.2150 U  -0.7095 >h ' + 1.3520^',
Si;i= -  o .2952»/i' -  0,7098^2'+ o .9399»// -  0.2052V;,' 
Combining eqns. (a) and (3) the result is
liftV+ £<)=“ 1.3652^1“+0.074561/,'+0.3171^2’ -o .7 i9 r’;a’ 1
+ i-3320C»‘ + o.oi432 i/a‘ I
v » ')= -0.074564*,'- 0 .2290V ,'-0 .7 1 9 1 I2 '+  o.9 i 35 '/a' I 
+ 0.01432^3’ -0.1546V;,' )
Finally the resultant moment M of the molecule is given as
A/= +
where
(5)
(4)
(5)
M ^ =  2 3<i52^ i '  +  1 .07456V1’ +  i . 3t 7i^.j' +  0.28091/3' +  2.3326£.,' +  i.fH432V:,' 
M* =  o .9254£i ' +  0 .7710V1' + 0 .2 809 82’ +  i .9I35'/2' +  1 .0 14 3 8 3 ' + 0.8454V3*.
R r-; S + 1, T -S
T l i c  final re s u l t s  for the  f ive  co n ip o u iu lh  c o n s id e r e d ,  t o g e t h e r  w i t h  th e  
ob serve d  v a lu e s  of  H a s s c l  and N a e s lm g e i i  (19 3 1)  niicl L u t g e r t  ( 1 Q 3 2 )  a rc  
t a b u la te d  in T a b l e  I I I .
T\nin  lU
( ' o i i i p f u i i ' d M s . a 3 /.,, ( s ' 1 ” }}i r \ . ' l in e  .'i*'?iiniu*d
1 , It i c h l o r o h e n z c n c 1 .6^ 1 . 2 4 I . 10 I ^5 w , -  1 6 \
2 ,  4 d i u i t r o c h l o r o b e i i / c n e 3 - 2 6 3 - n 3 -U j 3 . 0  +  .1 
3 . 2 9
111 =  1 .^4 
^ ' ^ 2 ^ 3 -7 5
2, 4 d i i j i t r t j b r o n i y b c D Z c i i c 3 3 -7 *-’ . K S 1 3 l i  1 1 =  1 . 5 6  
» ^ ‘/ = - 3  73
2 ,  4 d i n i t r o i o d o b e n / c m ' 5 - 3 1 4 2 i) . M M U h l
' ^ ^ 2 - 3  75
2, 5 d K b l o r ( i n i t r o b c n / o i i c 3 73 3  3 1 3  13 III, i '~ I .^1
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The values under the column (i\/>cci) are obtained by the simple vectorial 
addition. The second column gives the values calculated using Kqii (5). It 
is very difficult to judge which value of nic (the moment of the inono-sub- 
stituted compound) is to be used in the calculation since, for the same mono- 
substituted compound various values have been reported in the literature. 
For uniformity the values of Hojeudalil (1929) are assumed throughout. In 
the case of the iodo-compound, since his value is not available the value of 
Walden and -Werner (1929) 1^  used. It i< unfortunate that there are no 
values available for the tri-substituled compounds by the same authors whose 
values are assumed for m>. Thus, in view of the fact that the experimental 
values for the mono-and the tn-substituted compounds are determined by
different authors and since the values are liable to vary, the calculated and 
observed values may not be expected to agree closely. From Table III we 
note that a closer approximation to the observed values is obtained by using 
hjQU (5I than in the case of Mvoct for three of the compounds studied (i, 2, 4 
trichlorobenzene, 2, 4 dinitrochlorobenzcue and 2, 5 dichloronitrobeuzeneb 
Ulie polarisabilities of the groups increase as we go from chloro to bronio- 
to the iodo-coinpound and hence th^ induced effects also increase in the 
same direction. As we sec from the table, the deviation between the cal­
culated and the observed values also increases in the same direction.
In the above calculations, a correction for the dielectric constant of 
the internuclear space is also coi^idered. LeFevre and I,eFevrc (1937) 
pointed out that the calculated induced moment must be reduced by the factor 
(^  + 2)/3£ (s being the dielectric conistant of the internuclear space) in order 
to obtain the actual induced moment.; The value of e is obtained as 2.40 
from measurements of the variation of the dielectric constant of benzene 
with pressure. Groves and Sugden also remarked that little error will be 
introduced by assuming £ = 2.40 in llie case of aromatic compounds. The 
reduction factor till us out to be 4.417.2- The values obtained when this 
correction is applied are given under the column headed M' in Table III. 
The difference between (5) and A/no i gives the induced moment. This 
difference multiplied by the factor 4.4/7.2 gives the actual induced moment. 
This is added algebraically to /^veot to give the value under By this
process, the agreement with the observed value is improved for all the 
compounds studied except i, 2, i triclilorobenzene where tlie induced con­
tribution to the moiiient is considerably large.
The assumptions in the above method and other errors will have to be 
clearly stated, (i) The assumption that the dipoles are situated at the 
circumference of the carbon atoms io which the gioups are attached, is an 
approximation. vSniyth (1934) remarks that a consideration of the location 
of the centre of gravity of the charges assignable to the caiboii halogen 
portion of the molecule in the halogeiiated compounds indicates the most 
probable location of the principal dijiole to be approximately 7/8 of the 
distance from the carbon nucleus to the halogen nucleus. But the first 
assumption is adopted, as otherwise the calculations become extremely 
complicated. (2) The distances between the various groups enter in the 
third power in the equations used for computing the induced moment, 
Hence a small error in the distance may cause a relatively large error in 
the final value of the moment. (3) The method has not taken into account 
the variation of the field of the dipole over the volume of the atom or group 
in which the moment is induced, since the distances under consideration 
are all greater than i A.U. The equation, assuming proportionality between 
the induced moment and the field of the primary dipole breaksdown
at close distances. (4) Rotation round the bonds may dilso affect the
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